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ABSTRACT 
Product Service Systems (PSS) are becoming very common in companies that want to be 
“close” to their customers. Most often they are in the need to evaluate the effect of 
changes of their offer on performance, assessing whether the new PSS meets the 
customers' requirements. In such cases, simulation models may be useful in order to 
represent the reality and identify the critical points on which to intervene. But PSS' 
concepts, and also data in general, are often not well organized and there is a mismatch 
between data available for the modelers and data need to build the simulation model. In 
addition, often modelers have to interpret misrepresented data and it is possible that the 
interpretations are not always good. Thus modelers could use these incorrect or 
incomplete information in their simulation model and consequently they could obtain 
and evaluate an erroneous output. To prevent the above issue, an ontology is created in 
order to better represent and organize the underlying PSS' concepts. In this way 
companies can use the exactly PSS’ representation in the early stages of the simulation 
model, making the evaluations based on the corrected results. 
Therefore, the overall aim of this work is to show why and how the ontology can be used 
in the first stages of PSS’ simulation model. In particular, the tools presented above are 
used in a transport sector and applied to represent and simulate the Bike Sharing System 
behavior in Copenhagen. At the end, simulation results are evaluated and discussed.
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1. INTRODUCTION 
1.1 Servitization and Product-Service System (PSS) 
In the traditional product sale process, manufacturing companies develop product that 
are simple and competitive to fabricate and enable a profitable aftermarket consisting of 
service, maintenance, spare parts and accessories. But recently companies’ competition 
has become very strong and during the last decade manufacturing profitability has been 
declining (Martinez et al., 2010). The main concern is the following: manufacturing based 
either on products or processes is very easy to replicate by competitors. Conversely the 
imitation of Product-Service system (hereafter PSS) is quite complicate (Dickson, 1992; 
Ghemawat, 1986).  For this reason many companies recognize the strategic integration of 
services as a mean to gain competitive advantages and good profitability. As a 
consequence, nowadays companies understand that servitization is one of the most 
powerful way to face competitors and to attract as many customers as possible. 
According to Baines et al. (2009) servitization is “the innovation of organization’s 
capabilities and processes to better create mutual value through a shift from selling 
product to selling product-service systems”. In other words servitization is “the journey or 
transformation process through which companies enable their product-service offerings” 
(Martinez et al., 2010). Hence in the last few years PSS are becoming very common in 
companies that want to differentiate themselves. According to Andersen (2013) PSS is an 
entrepreneurial recovery strategy that can help companies shifting from developing 
products to providing a functional output to the customer.  One of the most clear PSS 
definition is given by Tukker and Tishner (2006) “a mix of tangible products and intangible 
services designed and combined so that they are jointly capable of fulfilling final customer 
needs.”  
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1.2 Explaining the need for simulation models 
In spite of their benefits and advantages, customer´s response to PSS is unknown by 
companies and in order to minimize the risks associated to the uncertainty and to the 
complexity of the implementation, they need to evaluate the validity and effectiveness of 
their proposals. Consequently, it is essential to understand if the PSS offered fully meet 
customers’ requirement or contrariwise the offer will most likely result in a waste of 
money and resources for the companies. Indeed, many times there are needs to evaluate 
how PSS’ features should change according to the variations in the context in which PSS is 
developed and assess if the new PSS satisfies customers' requirements. In this regard, 
simulation is very useful and according to Baines et al. (2004) it is “a technique of 
constructing a model that describes the behavior of a real world system, and then model’s 
results can be used to test how the performance of a proposed system alters over differing 
operating conditions.” In fact, with simulation models companies may compare the 
output of simulation model with the target, i.e. what companies expect since the launch 
of the new offer; at the same time, they can identify the critical point on which to act. In 
these cases companies can identify what are the weak points of their offer and what are 
the strengths which to focus on. After that, they can decide which types of activities 
would take such as: changing or improving the critical point and continue with the 
project; or dropping the project because of difficulties higher than expected; or, making 
more detailed studies.  
1.2.1 Representativeness issue 
For simulation models to be useful, they have to be based on an exact representation of 
reality. For this to happen, the model needs to be consistent and complete. If the virtual 
system built through simulation models are not a good approximation to the actual 
system, outcomes resulting from the simulation would probably be erroneous biasing 
decisions towards costly ends (Law, 2009). Unfortunately, there is often a mismatch 
between data available for the modelers and data need to build the simulation model. In 
addition, often modelers have to interpret misrepresented data and it is possible that the 
interpretations are not always good. So, modelers often use these misrepresentation in 
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their model and consequently they obtain and evaluate an erroneous outcome. The 
reason of this problem could be the following: companies do not have a right method to 
represent and communicate their products or processes or services and when modelers 
need some data to make some studies they have a lot of confusing and poorly organized 
information.  
1.3 Ontology solution 
Until few years ago, in order for simulation modelers to build a model they had to use 
only information provided by experts. But recently, in addition to the experts’ judgments, 
another source of domain knowledge, known as the domain ontology, has also become 
available (Silver and Miller, 2007). To prevent the above issue, an ontology is proposed in 
order to have a rigorous representation of PSS’ concepts and their underlying 
relationship. Ontology is a formal representation of knowledge as a set of concepts within 
a specific domain, along with relationships and attributes between such concepts. 
Ontologies provide a way to establish common vocabularies. In this way, companies can 
use this clear and exact configuration of the PSS in the early stages (creation/building) of 
their simulation model, thus obtain results that are based on correct assumptions. Then, 
the ontology, as will be shown later in this work, is very useful in the first stages of 
development of a new project and, in particular, it is helpful in the simulation model.  
1.4 Case study 
The bike sharing system is one of the most clear and useful example of PSS. In fact, in this 
systems, customers pay for the temporary use of bikes that are owned by a company. 
Provider is also responsible of maintenance/repair of the bikes. In this work the already 
mentioned tools (Ontology and Simulation model) are used to represent and simulate the 
Bike Sharing System’s behavior in Copenhagen. In particular, a "scenario" about bike 
sharing system in Copenhagen and a few cases when the system is really "busy" are 
evaluated. 
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1.5 Thesis structure 
This thesis aim at providing a tool that may allow companies to make an ontological 
representation of a PSS, using it to simulate the behavior of the real system in order to 
assess its performance. Section 2 explores the current state of the literature, identifying 
the challenges in simulating PSS and evaluating the role and benefits of combining 
simulation models with ontologies. Section 3 presents the proposed methodology. In 
Section 4, the developed methodology is applied in the real case study, as an ontology 
and a simulation model are made for the bike sharing system in Copenhagen. “Protégé 
4.3”1 is used to represent the PSS’ features and their relationship and Excel is used to 
simulate the selected scenario. The last Section describes and discusses the obtained 
results. 
  
                                                     
1 Protege_4.3: http://protege.stanford.edu/ 
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2. LITERATURE REVIEW 
This chapter explores the existing works proposed by different authors in order to analyze 
and understand the methods that will be used during the project and understand the 
emerging gap that could be addressed. The following chapter is divided into three 
subsections: the first one focuses on PSS’ concept including its birth, its different 
classifications and its benefits for the customer, company, environment and society; the 
second section concerns the simulation model and analyzes its applications along with its 
advantages and disadvantages. The final section presents the ontology concept and 
explains what is it and how companies can built and use it. 
2.1 PSS 
2.1.1 Searching for a PSS definition 
The concept of PSS was born at the end of 19th century in the north of Europe (Beuren et 
al., 2013) when companies started to provide to their customers integrated services on 
products. The aim of this gradual change (from product-oriented to service-oriented 
company) is to provide customers with value added products by including services 
(Sundin, 2009). There is a trend for the use of the function of a product by customers 
without necessarily owning it. Tangible products provide the technical functions for the 
consumer (Aurich et al., 2010), and services ensure the availability of these functions 
(Maussang et al., 2009). The strategic integration of services is becoming a competitive 
advantage aimed at achieving sustainability as well as profitability (Martinez et al., 2010). 
In order to better understand PSS’ concepts, providing a definition of PSS is fundamental. 
The first PSS’ definition is proposed by (Goedkoop et al., 1999) and it is the following: 
“PSS is a marketable set of products and services capable of jointly fulfilling a customers’ 
need". Tukker (2004) defines PSS as "consisting of tangible products and intangible 
services designed and combined so that they jointly are capable of fulfilling specific 
customers’ needs”. According to Mont (Mont, 2001) PSS is "a system of products, services, 
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supporting networks and infrastructure that is designed to be: competitive, satisfy 
customers’ needs and have a lower environmental impact than traditional business 
models”. So PSS is not simply an integration of product and service, but can be thought of 
as a socio-economic system. Thus, the PSS’ implementation is a good opportunity that 
allows companies to improve their competitiveness, striking a right balance between 
social, economic and environmental issues (Yang et al., 2009). 
2.1.2 Birth of PSS 
PSS’ affirmation and success is due to the great changes that have occurred over the 
years in the traditional manufacturing industry: 
 industrial production is evolving towards models that more adequately address a 
shift from mass production to mass customization in order to meet and satisfy the 
individual and personalized customers’ needs and at the same time preserving the 
efficiency of mass production, in terms of low production costs and therefore low 
sale prices. This strategy emphasizes non-material aspects (e.g., intellectual 
property, brand, aesthetic design) and highly personalized needs (Pine and Pine, 
1992); 
 manufacturing companies deliver integrated solutions in order to improve their 
position in the value chain by extending their business from the manufacturing 
domain to the service domain (Tukker and Tischner, 2006; Wise and Baumgartner, 
1999); 
 the concept of outsourcing has spread like wildfire: this process allows companies 
to focus on the improvement of their core competency without having to deal 
with tasks for which they are not specialized (Wang et al., 2011);  
 service departments have become increasingly important to manufacturing 
companies and the trend of servitization of products and the productization of 
services is clearer (Baines et al., 2007). In that direction, the traditional boundaries 
between manufacturing and services are becoming increasingly blended (Mont, 
2002). 
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2.1.3 Main PSS categories 
 As it is shown in Figure 1, and according to Tukker (2004), PSS can be classified into three 
main categories in which there are eight different types of PSS: 
 Product Oriented PSS: this is a PSS where the tangible product is owned by the 
consumer and, at the same time, additional services are provided. In this category 
there are:  
Fig. 1 Different kind of Product-service systems and examples 
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 Product-related service: companies sells product and services needed during 
use phase;  
 Advice and consultancy: provider recommends the most efficient way in 
which the product can be used; 
 Use Oriented PSS: this is a PSS where service provider retains ownership of the 
tangible product and he sells to the customer only the function of the offered 
product. In this category there are:  
 Product lease: contractual arrangement calling for the lessee (customer) to 
pay the lessor (owner) for use of an asset; 
 Product renting/sharing: customers pay for the temporary use of a good, 
service or property owned by another. Provider is also responsible of 
maintenance/repair; 
 Product pooling: product is providers’ property and he is often responsible for 
maintenance and repair. Customers pay but does not have unlimited and 
individual access in fact the same product is used simultaneously by different 
customers; 
 Result Oriented PSS: this is a PSS similar to Use orientated PSS where products are 
replaced by services. In this category there are:  
 Activity management: a part of an activity of a customer is outsourced to a 
third party; 
 Pay per service unit: customers buy output of product according to level of 
use; 
 Functional results: provider and customer agree on an end result without 
specifying how the result is delivered. 
2.1.4 PSS’ benefits 
According to Krucken and Meroni (2006), the PSS can benefit customer, company,  
environment, and society in several ways and it has the potential to continually improve 
relationships in the supply chain through strategic alliances among those who produce 
and those who consume. 
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Some PSS’ benefits are shown in Table 1. They are divided in different classes based on 
who benefits from the PSS’ implementation (Aurich et al., 2010; Baines et al., 2007; 
Beuren et al., 2013; Gao et al. 2009; Li et al., 2010; Mittermeyer et al., 2010):  
 
Company Customer Environment Society 
More opportunity for 
innovation 
Lower costs Reduction in 
consumption through 
alternative of product 
use 
Growth of public 
pressure on 
environmental issues 
Increased operating 
efficiencies 
Flexible and 
personalized service 
Reduction of waste 
through the product’s 
life 
Increase the supply of 
services 
More and longer- 
term customer 
relationships 
Less problem 
associated with 
buying 
Services planned with 
the life cycle of the 
products 
New jobs 
Higher loyalty and 
trust customer 
No maintenance of 
the product 
Provider responsible 
for the product and 
service through take-
back, recycling and 
refurbishment 
 
Improved images No problem 
associated with 
disposal 
  
Better feedback on 
customers’ needs 
Continuous 
satisfaction 
  
Product reused in 
several combinations 
   
Better use of 
resources 
   
Improved 
competitiveness 
   
Table 1 PSS' benefits 
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2.1.5 PSS’ Requirement 
The number of companies willing to move away from a manufacturing company to a PSS 
provider is still restricted; many companies prefer the status quo to taking on the risk 
associated with implementing the PSS (Wolf et al., 2009). 
There are a lot of internal and external factors (Martinez et al., 2010) on which companies 
have to focus: 
 embedded product-service culture: it is important that traditional manufacturing 
companies embrace and develop a passion for service, in order to better meet 
customer expectations. It is also essential that this culture is communicated to all 
the people of the company;  
 delivery of integrated offering: an integrated offering implies a greater number of 
customer touch-points, with the result that a broader range of personnel are 
being exposed to the customer than previously; 
 internal processes and capabilities: when planning the implementation of a PSS, 
companies must change from “product thinking” to “system thinking,” or in other 
words, they must focus on the use of the product. The PSS requires the producers 
and service providers to extend their responsibilities throughout the product life 
(Lee and AbuAli, 2010), especially at end-of-life. So the adoption of PSS’ strategy 
requires acquisition of new capabilities and tools; 
 supplier relationships: companies must adapt their traditional organizational 
structures to cope with consumers and other stakeholders. It is important for 
companies to have a greater degree of cooperation with its supporting network; 
 society culture: the success of the PSS depends on the consumer culture. 
Consumers also differ according to geographical location. In fact, in some parts of 
the world they have more tendencies to accept innovative changes and thus the 
PSS’ implementation, while in other parts they are anchored to the old tradition 
so hardly abandon current products in favor of something new. So consideration 
of the cultural conditions is necessary for the PSS, and a company should first 
verify that the correct conditions appear to be in place. 
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2.1.6 Example of PSS application in the modern industry 
As mentioned in the above paragraph the application of PSS lead more different benefits. 
Many companies may be a good example of right PSS implementation. 
Ecological potential of PSS can be shown in the following examples: 
 
 Xerox, with its pay-per-copy model, decides to lease its product at a comparatively 
low cost, instead of selling it. Xerox provides to their customers all the required 
supports and services and the customer may cancel the lease with only few days’ 
notice (Sundelin, 2009).  
 
The company keeps ownership of the office equipment and for this reason he has 
access to a store of reusable components. This lead to the development of an 
extensive remanufacturing program that saves raw materials and reduces waste 
(Ostayaen, 2014); 
 
 Michelin, with its Fleet Solution program, manages to increase the service life of 
tires. So thanks to close monitoring of tire pressure, the customer’s fuel 
consumption can be reduced and the tire service life extended (Ostayaen, 2014). 
Fig. 2 Xerox: Pay-per-copy 
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The company, in order to help its 
customers to decrease even more fuel 
consumption, organizes courses of eco-
driving and manages the on-board 
information which analyze the reason of 
disproportionate fuel consumption. 
Evaluations of life-cycle have 
demonstrated that the majority of tire’s 
environmental impact happens during 
use, the production and end-of-life 
recovery phases have a weaker impact. Michelin Energy tires provide the 
optimum solution by allowing savings of up to 6% in fuel consumption. If all 
vehicles were equipped with Michelin Energy tires, 80 million tons/year of CO2 
emissions or the storage capacity of 3 billion trees could be saved. Re-treading & 
re-grooving also contribute to fewer raw materials and less CO2. 
 
Besides ecological advantages, a PSS may have important economic benefits as well. For 
example: 
 
 Rolls-Royce, with its Power-by-the Hour model, enhances its revenues from 30% 
to 55% over a period of 15 years. The key feature of the program is that the 
operator has to pay a fixed engine maintenance cost over an extended period of 
time (Ostayaen, 2014). 
 
 Hilti offers fleet management service for customer’s tools, whereby the availability 
of these tools is sold for a fixed monthly fee, including all repairs and 
         Fig. 3 Michelin: Fleet solutions 
Fig. 4 Rolls-Royce: Power by the hour 
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replacements. In the years 2008/2009, during the economic crisis, company raise 
its sales by 26% and improves its EBIT to 12,1% thanks to its offer (Ostayaen, 
2014). 
2.2 SIMULATION MODEL 
2.2.1 What is a simulation model 
According to Banks et al., (1984) simulation is “ the imitation of the operation of a real 
world process or system over time”. Simulation allows the generation of an artificial 
system and through observation of this system draws conclusions concerning the 
operating characteristics of the real system. In fact, through a simulation model it is 
possible to study the system behavior as it evolves over time. Simulation modeling is the 
process of creating and analyzing a digital prototype of a physical model to predict its 
performance in the real world (Kulkarni et al., 2014).  
2.2.2 Use of simulation model 
Many real-world systems are so complex that models of these systems are virtually 
impossible to solve mathematically using differential calculus, probability theory, 
algebraic methods or other mathematical methods. In these cases, computer-based 
simulations can be used to imitate the behavior of the system over time (Banks et al., 
1984). In order to build this model there is a need to collect relevant data concerning the 
operation of the studied system and fully understand the mathematical, symbolic, logical 
relationships between different entities of this system.  
2.2.3 Important elements of simulation model and its classification 
The important elements which constitute a simulation model can be (Banks et al., 1984): 
 variable: set of elements that describes a system in each instant of time; 
 event: any instant episode that changes the value of at least one of the variables. 
Events may be external or internal to the system; 
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 entity: an object of interest in the system that need to be defined. The entities can 
be grouped into classes that are sets of entities of same type, or you can group 
entities based on attributes. 
 attribute: property of an entity; 
 resources: elements of the system that provide a service to the entities. An entity 
can request one or more unit of resource and if this is not available the entities 
will be waiting for it to make available, or take another action. If the resource is 
available, it is "captured" by the entity and "held" for the time necessary and then 
"released"; 
 activity and delays: time period of specified length. Its duration it may be a 
constant, a value randomly generated from a probability distribution, or given as 
input or calculated based on other events happening in the system. A delay is a 
time period of indefinite duration that is determined from the very conditions of 
the system. 
Simulation models can be classified according to different criteria. 
A first distinction could be between: 
 Continuous models: in which the variables change continuously over time; 
 Discrete models (DES): in which the value of the variable changes in particular 
instants in time. Between consecutive events, is assumed that there are no change 
in the system. DES normally may run faster than the continuous simulation 
because simulation may directly jump in time from an event to the next. 
Discrete event simulation is often used to monitor and evaluate the performance 
of financial investments or to make stress testing or to model processes and 
procedures in different field (for example manufacturing or healthcare). 
An effective DES process must include, at a minimum, the following characteristics 
(Rouse, 2012): 
 Prearranged starting and ending points; 
 A list of events occurring since the process started; 
 A method to track the time passed since the process started; 
 A list of events planned until the process is scheduled to end. 
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Another distinction is between: 
 Static models: which represent a system at a particular instant of time; 
 Dynamic models: which represent a system evolving over time. 
Finally, there are: 
 Deterministic models: which do not contain probabilistic elements; 
 Stochastic models: which contain elements subject to uncertainty. 
2.2.4 Advantages of a simulation model 
Over the years, several authors discussed about when and why simulation is a good tool 
to use. According to Shannon (1998), Pedgen et al., (1995) and Naylor (1966), simulation 
is useful for several reasons: 
 "What if' questions can be answered. This  kind of replies are especially useful in 
the early stages of new system implementation; 
 Sophisticated features, organizational procedures, decision rules, operating 
information, may be explored and analyzed without disrupting ongoing operations 
of the real system; 
 The development and testing of new operating  condition and new concepts or 
systems are achieved before implementing them; 
 It is possible to have information and knowledge without disturbing the actual 
system; 
 New hardware designs, layouts, transportation systems may be verified without 
committing resources for their acquisition; 
 Time can be compressed or expanded in order to study the phenomena under 
investigation more or less quickly; 
 System’s observation can be obtained about the interaction between different 
variables; 
 A simulation study allow to understand how the system works and not how 
people think the system operates; 
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 Bottleneck analysis can be performed to discover where company has to act; 
 The effect of features’ mutations on the model's behavior can be detected; 
 The knowledge gained during the designing of a simulation model could be a great 
value in order to improve the system under investigation;  
 Modifying simulation inputs and observing the resulting outputs can produce 
valuable insight into which variables are the most important and into how 
variables interact; 
 Simulating different capabilities for a system or product can help determine the 
requirements on it; 
 Simulation models designed for training make learning possible without the cost 
and disruption of on-the-job instruction; 
 Understand why observed events occur; 
 Evaluate ideas and identify inefficiencies. 
2.2.5 Disadvantages of a simulation model 
According to Pedgen et al., (1995) simulations have many advantages, but also a few 
disadvantages. 
Some disadvantages may be the following: 
 Training and knowledge are required to use the tools and to build a credible 
model; 
 Two models, constructed by different competent modelers, might have 
similarities, but with large probability they will not be the same. So there is no 
unique result for the same study; 
 Simulation results often can be difficult to interpret; 
 The choice of the appropriate level of abstraction can be not an easy task; 
 The use of an inappropriate model can clearly lead to errors of evaluation; 
 There is the risk to use a model when the assumptions and hypotheses that led to 
its definition are changed; 
 Simulation require a lot of time and resources. 
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Fig. 5 Steps to build a simulation model 
2.2.6 Application 
As stated in the above paragraphs simulation allows companies to design a model of a 
system in order to carry out experiments on it as it progresses through time. Models 
enable companies to see how a real-world activity will perform under different conditions 
and test various hypotheses. Simulation provides a method for checking the world. As is 
shown in the Figure 5, seven steps ca be followed in order to build a simulation model 
(Law, 2003): 
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1. Problem formulation: there is need to establish and communicate to the modelers 
the problem of interest in the most clear way as possible; 
2. Collect Information/Data and construct a conceptual model; 
3. Is the conceptual model valid?: a significant element of any simulation study 
should be the verification and validation (V&V) of the simulation model. 
Verification is “the process of ensuring that the model design (conceptual model) 
has been transformed into a computer model with sufficient accuracy” (Davis, 
1992). Instead validation “is the process of ensuring that the model is sufficiently 
accurate for the purpose” (Carson, 1986). Validation usually is achieved through 
the calibration of the model, i.e. the model is compared with the actual system 
behavior and the discrepancies between the two are analyzed in order to improve 
the model. This process is repeated until model accuracy is judged acceptable. If 
errors or omissions are discovered in the conceptual model, then the conceptual 
model must be updated before proceeding to programming in Step 4; 
4. Program the model: program the conceptual model in a general purpose 
programming language (for example C or C++) or in a commercial simulation-
software product; 
5. Is the programmed model valid?: if there is an existing system, then compare 
performance measures from a simulation model of the existing system with the 
comparable performance measures collected from the actual existing system. 
Regardless of whether there is an existing system, the analysts should review the 
simulation results and if the results are consistent with how they perceive the 
system should operate. Sensitivity analysis should be done on the model to 
identify which parameter has the greatest impact on the system and consequently 
to treat this carefully; 
6. Design, conduct, and analyze simulation experiments: it is necessary to decide 
tactical issues such as simulation run length, number of simulation and number of 
replications to be made, length of the warmup period. Production runs and their 
subsequent analysis, are used to show key performance features of the designed 
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system that are being simulated. Then the results are analyzed and if the results 
do not satisfy the analysts, they may decide to make additional experiments; 
7. Document and present the simulation results: the documentation for the model 
include the conceptual model, an accurate description of the computer program, 
and the results/conclusions for the current study. The final presentation for the 
simulation study should include animations, graphs and a discussion of the model 
building/validation process to promote model credibility. 
 
2.2.7 Example of simulation model 
The applications of simulation are vast and it is used in different ways and for different 
purposes. 
Paper on the simulation typically cover techniques such as discrete event simulation (DES) 
and system dynamics (SD). Several authors have addressed the issue of simulation 
showing different methods to build a virtual system. Some example are mentioned 
below: 
 Takata et al., (1999) have developed a life cycle simulation system for robot 
manipulators, in order to collect trouble cases, extract knowledge from them and 
feedback it for improving design and maintenance. In the simulation, operational 
and environmental stress acting on components of the facility is evaluated and 
their deterioration processes and resultant functional degradation are estimated. 
Data management system uses a unified format and vocabulary; 
 Fujimoto and Umeda, (2003) show a new approaches for solving environmental 
problems and the authors write about  SOPs (Service Oriented Products). The SOP 
concept is particularly suitable for products of the balanced type because with this 
product type it is easy to reuse functional modules and, at the same time, some 
upgrading functions are required. SOPs enables customers to enjoy products they 
lease and to eventually exchange them for other products. For simulating the 
SOPs prototype the authors used a life cycle model. The results of the life cycle 
simulation illustrated the potential of SOPs to reduce environmental impacts while 
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extending business opportunities. In the papers the approach is applied to 
facsimile machines; 
 Yu and Tao, (2009) try to evaluate the environmental benefits of the application of 
biomass-based ethanol fuel as a gasoline substitute. For this purpose a life cycle 
emission assessment of biomass-based E10 has been performed. Considering the 
influences of different weather conditions on feedstock yield, evolution of 
technology, market expansion of E10, variation of certain parameters are 
proposed and expressed with respective probability/frequency functions. The 
Monte Carlo simulation has been used to draw values of the parameters in which 
variations are anticipated. 
 
2.3 ONTOLOGY 
2.3.1 Ontology: history and affirmation 
Ontologies gain a lot of attention in recent years as tools for knowledge representation. 
The term ontology was coined in 1613 by Rudolf Gockel (Welty and Guarino, 2001) and 
after that, it has been used in various fields. Ontology means “science of being” 
(Mohapatra and Mohapatra, 2014). The term was originally born in the metaphysics, 
which is the part of philosophy that goes beyond the contingent elements of reality, 
taking care of the aspects considered authentic and fundamental. This fundamental 
branch analyzes different types or modes of existence, and it focuses on the relationships 
between particulars and universals or essence and existence or intrinsic and extrinsic. 
Primary goal of ontological analysis is to divide the world "at its joints" in order to point 
out the major categories into which the world’s objects naturally fall (Benjamin et al., 
1994). Thus, from philosophy, ontology is concerned with representing concepts, objects 
or other entities that are estimated to exist and their relationships. An ontology is an 
inventory of the kinds of entities that exist in a domain, their significant features, and the 
salient relationships that can hold between them (Benjamin et al., 1995). 
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Since the 1970s, ontology is not used only in a philosophy branch but also in the field of 
Artificial Intelligence (AI). Researchers have recognized that in order to build a robust and 
huge AI system it is important to collect and organize knowledge. In the 1980s, the AI 
community started to use the term ontology viewing computational ontology as a kind of 
applied philosophy (Gruber, 2008). So in this field ontology is (Chandrasekaran et al., 
1999): 
 first of all, a richer and structured vocabulary; 
 in its second sense, a tool used to refer to a body of knowledge describing some 
domain, typically a commonsense knowledge domain, using a representation 
vocabulary. 
According to Smith (2004) ontology includes a set of defined constructs that can be 
leveraged to build structured knowledge. Although taxonomy shows the classification of 
terms, ontology includes the deeper relationships between terms. 
2.3.2 Why ontology is important? 
Ontological analysis clarifies the structure of knowledge. An ontology of a given domain is 
“the heart of any system of knowledge representation for that domain” (Chandrasekaran 
et al., 1999). If there are no ontologies, it is not possible to have a vocabulary for 
representing knowledge. Thus, the first step in devising an effective knowledge 
representation system, and vocabulary, is to perform an effective ontological analysis of 
the field, or domain (Chandrasekaran et al., 1999). 
As a framework for knowledge organization, the potential of ontology and the usefulness 
of ontology have received much attention in the semantic web community. In fact, with 
the ontology is expected to improve knowledge organization as well as information 
retrieval (Oh et al., 2006). To obtain a structured representation of the information 
through the ontologies is one of the preeminent purpose in order to realize the so called 
Semantic Web (extension of the current web in which information is given in a well-
defined meaning) (Lee et al., 2001). In the context of the Semantic Web, in fact, 
ontologies should play a strategic role in helping automated processes to access 
information. Particularly, they provide structured vocabularies that explicate the 
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relationships between different terms, allowing intelligent agents (and humans) to 
interpret their meaning. 
Some reasons leading to the adoption of an ontology may be the following (Benjamin and 
Mayer, 2006; Noy and  McGuinness, 2001): 
 Sharing of common understanding among people or software agents and for this 
reason have more interoperability; 
 Reusing of domain knowledge; 
 To analyze domain knowledge; 
 More flexibility: it is possible to change the first assumptions easily if knowledge 
about the domain changes; 
 It is possible build new system based on old models; 
 To make domain assumptions explicit; 
 To divide the domain knowledge and the operational knowledge; 
2.3.3 Main components of an Ontology 
There are at least five kinds of components: 
 Classes: concepts of the domain or tasks. They are normally organized in 
taxonomies and it is possible to specify classes and subclasses hierarchy; 
 Relations: types of interaction between concepts of the domain; 
 Attributes: elements that describe the features of the concepts; 
 Axioms: propositions or principles used in order to model sentences that is 
assumed to be always true because it is considered obvious or because it provides 
the starting point of a theoretical framework; 
 Instances: concepts used to represent specific elements. 
 27 
 
2.3.4 How to implement an ontology 
In practice, to develop an ontology there is the need to: determine; organize the classes 
in a taxonomic (subclass-superclass) hierarchy; define and describe allowed values for 
these slots; fill in the values for slots for instances. 
Some rules to follow in order to better built an ontology are the following (Noy and 
McGuinness, 2001): 
 There is no one correct way to model a domain, but there are several different 
solutions. The best one always depends on the application that modelers have in 
mind; 
 Ontology construction is an iterative process; 
 
To build an ontology can be followed different approaches. For example Uschold and 
Gruninger (1996) propose to follow the following steps:  
 Identify purpose and scope: it is important to establish why the ontology is being 
built and what its intended uses are. 
 Building the Ontology:  
 ontology capture:  in this stage there are the identification of the key 
concepts and relationships in the domain of interest; the creations of 
unambiguous definitions for such concepts and relationships; the 
identification of terms to refer to such concepts and relationships. 
 ontology coding: it means explicit representation of the conceptualization 
captured in the previous stage in some formal language chosen before. 
 integrating existing ontologies: concepts from existing ontologies can be 
adapted and reused in the new one or the old ontology can be modified 
and extended. 
 Evaluation of the ontology; 
 Documentation: it is preferable to communicate guidelines for documenting 
ontologies 
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 Guidelines for each phase: set of techniques and methods and principles for each 
of the above explained stages. 
Fernandez et al., (1997) suggest the steps shown in the Figure 6. As may be noticed the 
proposed methodology is similar to Uschold’s proposal. Accordingly, it is not necessary 
that the activities must be in series but some can also occur in parallel and some can 
happen in a loop.  
Fig. 6 Steps to build an ontology 
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Instead Noy and McGuinees (2001) propose the following steps, that are the most 
commonly used: 
1. Determine scope and domain of the ontology: it could be useful to answer some 
standard questions (for example: What is the ontology domain; for what types of 
use the ontology is developed; who will be the users of the ontology) in order to 
understand and clarify in what and why the ontology is designed. The answers 
may change over time but they could be useful in order to bound the scope of the 
model; 
2. Consider reusing existing ontologies: It could be useful to check what someone 
else has done and evaluate if it is possible to refine and extend existing works for 
our peculiar domain and task. On the Web and in the literature, there are a lot of 
libraries including reusable ontologies; 
3. Enumerate relevant terms in the ontology: it could be useful to write down a list 
of some relevant terms that will be used in the ontology. Initially, it is not 
important to worry about overlap between concepts, relationships between the 
terms, or any properties the concepts can have, or the concepts are classes or 
subclasses; 
4. Define classes and class hierarchy: there are many different ways to develop a 
class hierarchy (Uschold and Gruninger, 1996): 
 Bottom-up development process: this method starts with the definition of 
the specific concepts and then it continues with subsequent grouping of 
these concepts into more general concepts; 
 Top-down development process: this method starts with the definition of 
the most general concepts in the ontology domain and subsequent 
specialization of these concepts; 
 A combination development process: this method is a combination of the 
bottom-up and top-down approaches: it starts to analyze the more salient 
concepts and then it generalizes and specializes them appropriately. 
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5. Define the properties of classes-subclasses: classes alone will not provide enough 
information so it is necessary define and describe the internal structure of 
concepts; 
6. Define the facets of the classes: they can have several facets describing the 
different value types, the allowed values, the cardinality and other features of the 
values the slot can take; 
7. Create instances: to define an individual instance of a class requires: choosing a 
class, creating an individual instance of that class, and filling in the slot values.  
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3. METHODOLOGY 
3.1 Why is the developed methodology useful? 
The Attractive Quality Theory is proposed by Kano, and it was born in the late '70s. This 
conceptual model breaks down the offer of products or services in a number of 
"attributes" that customers perceive and appreciate differently with the aim of: 
determining which customers’ needs are essential, which are optional and which could 
give greater value and then give an order of priority to these needs. 
According to this theory, the so called "excitement factors", if they are included in 
companies’ offers, are able to go beyond customers’ expectations generating an 
emotional state that goes beyond the usual customers’ satisfaction. These aspects 
generate a strong positive impact on customers thanks to the effect surprise. 
Contrariwise, the absence of these elements does not imply any negative effect on 
customers’ satisfaction. 
As is shown in the Figure 7, Kano’s model considers the possibility that the relationship 
between the elements of quality and customers’ perception is not only linear. 
 
Fig. 7 Kano's model of customer satisfaction 
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Kano model is implemented through the development of engineering methods that 
recognize the importance of a proactive strategy of company, i.e. the ability to prevent 
and anticipate problems and future needs, as well as the ability to manage change.  
Nowadays, an increasing number of companies are trying to focus on what Kano defines 
excitement factors in order to achieve a sustainable competitive advantage by increasing 
customers’ loyalty and at the same time increasing the number of new customers who 
will be attracted by the novelty and exclusivity factors. So, confronted with ever fiercer 
global competition, many manufacturers of goods have identified the expansion of their 
service business as key to their future success (Ostayaen, 2014) and as a way to achieve 
high level of customers’ satisfaction. In fact in recent few years companies have 
understood that the services do not have a marginal role in the relationships with 
customers so they need to focus on them and combine product with services within the 
same offer. This is one of the main reasons why we are witnessing the gradual transition 
from product based companies to companies based on products together with services. 
Many companies are generating a consistent amount of their revenues by selling 
products connected with services, such as repair or maintenance (Garetti, 2012).  
This transaction is not at all easy for companies that are having to deal with changes in 
both internal and external to the company. In fact, they must ensure that: all staff is 
unwilling to new ways of thinking and working; there are the right partners with which to 
undertake long-term relationships; the new offerings come in a market favorable to new 
factors in terms of using products (for example, no longer possesses the products, share 
the products with others). For this reason and to avoid failure and/or big losses of time, 
money and resource they often adopt tools that can predict the time course of certain 
characteristics that are crucial to their success. According to Garetti et al., (2012) 
simulation is the means by which, in the design stages, is possible to evaluate the 
performance of the build system, which in turn should reflect the characteristics of the 
real system. But the obtained results are reliable only if they are based on right 
assumptions and correct data. In fact the main problem of the companies are that they 
often have confusing data can be used as input for their simulations and therefore the 
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results do not reflect completely the reality but have a higher margin of error than 
expected. The methodology proposed in this work aims to solve issues due to poor 
organization and bad interpretation of the data. In fact, through the construction of an 
ontology companies can represent concepts and assign the right properties and 
relationships to the various entities. Once the ontology is constructed, companies have 
organized data expressed through a unique and standardized language. In addition they 
are able to pick up and use the information necessary for them to use the simulation 
model. 
3.2 Previous applications 
Combination between PSS and simulation model: 
As stated above, previously companies offered only products that were a mere artefact so 
their evaluation were based only on products’ features. Instead now, with PSS, companies 
need to evaluate both products’ characteristics and services’ aspects so they would use 
an integration platform that combine the elements (Garetti et al., 2012). The complexity 
of modelling PSS can be higher than the traditional production system because 
companies are faced with challenges to design for the whole product lifecycle and 
infrastructure and designers need to take in account interactions between other 
stakeholders in the supply chain (Phumbua and Tjahjono, 2009). A dynamic simulation 
modelling tool is often required to handle these complexities. Publications on the 
simulation of PSS typically cover different techniques and tools. These tools are very 
flexible, but to use them correctly and to represent the concepts in a right way, it needs a 
lot of work and efforts. In fact, in addition to the required knowledge and to the 
resources’ consumption such as time, staff and money, it is necessary to obtain a 
measure of the reliability of the model. The last stage of the process is the validation, 
consists in: decide whether the model is accurate enough for the application of interest; 
determine how the model is far from the real system; determine if the model and the 
data are consistent with the hypothesis established. 
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Several authors have addressed the issue of PSS’ simulation showing different methods to 
solve this problem. Some example are mentioned below:  
 Komoto et al., (2005) propose a simulation model based on discrete event 
simulation technique and they apply their proposal to washing machine sharing in 
four different scenarios; 
 Bianchi et al., (2009) perform a PSS’ in order to identify critical factors and 
adoption barriers and the main PSS issues. They argue that a system dynamics 
approach is the best in order to analyse different PSS offer under various market 
conditions. This is because they think that these models have the capabilities to 
take over interrelated features. Authors want to study a hypothetical decision of 
investing or not in a PSS’ strategy according to its chances of success; 
 Alfian et al., (2014) try to evaluate the performance of service models in a car-
sharing system through the construction of simulation tool based on fuzzy 
classification. The fuzzy classification is applied to derive a service model that 
provides the highest income for service providers and the best service for 
customers; 
 Samson and Durastanti (2008) apply and compare two different approaches to 
simulating a bike sharing system. One of this is the statistical analysis conducted in 
Matlab that shows that not only it is possible to simulate the reality in the present 
but also draw some conclusions concerning its future behaviour. The second one 
is the agent-based approach that reflects the behaviour of single bikes in the 
system analysing the dynamics of the bikes. It follows bikes' movement around 
the system having fixed some constraints: stations (the number of which is fixed) 
are regularly arranged on a surface of a hypothetical town. The stations are all 
connected. Number of bicycles is chosen in such a way that there is no station 
with a number of bicycles greater than a fixed value. 
 
Combination between Ontology and Simulation model: 
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As shown above, there are many authors who have spoken about PSS and have proposed 
ways to predict its performance. Few authors, however, addressed the issue of handling 
the problems due to data mismanagement and misunderstanding in simulation models, 
proposing an ontology construction. An example is the following: Silver and Miller (2007) 
show an ontology driven approach to the development of DES models. The authors 
discuss ways in which the Discrete Event Modelling Ontology (DeMO) (Miller et al., 2004) 
is used to supply a groundwork for ontology driven simulation and an Ontology Driven 
Simulation design tool (ODS) is proposed. Steps to use this tool are: mapping concepts 
from domain ontologies to a modelling ontology in order to represent models as ontology 
instances; translate ontology instances to an intermediate language; and generate 
executable simulation models from mark-up language representations of models. 
Combination between PSS, simulation model and ontology: 
Instead, in the literature no authors have combined the tree already analysed subjects i.e. 
PSS, simulation model and ontology. For these reasons in this work is proposed a 
methodology that could be useful for companies seeking to offer new PSS to the market 
and, at the same time, through proper data representation and storage, want to 
anticipate market and competition changes in advance of their actual occurrence and 
make appropriate organizational shifts in response. 
3.4 Goal of the methodology 
The goal of the proposed methodology is to allow companies to have all the right 
information needed to build a simulation model. So, after choosing the reference PSS, the 
proposal is to begin collecting a great number of useful data. Then, with these 
information it is possible to build an ontology, concerning the selected PSS, using some 
programs such as Protégé. After that, companies could use the PSS' representation in 
order to achieve their simulation model and obtain the results. So thought this 
methodology companies can reach an agreement about a conceptualization in order to 
facilitate knowledge reuse and sharing and they can use the output from the ontology like 
an input for their future studies. 
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3.3 Graph of the methodology and explanation 
In Table 2, an overview of the project phases is presented: 
PHASE AIM 
Literature review 
To understand the main features and issues  tied to the main topics in 
my work: PSS, Ontology, Simulation model, bike sharing system. 
C
as
e 
st
u
d
y 
Data collection and analysis To gather and organize all the data needed to the next steps 
Ontology building To create a well-organized database containing properties, constraints 
and relationships between concepts 
Simulation model To represent the characteristics of the studied PSS, based on inputs 
coming from the ontology 
Analysis and discussion Evaluate some PSS' features 
Table 2 Project Phases’ Summary 
 
 Literature review: the aim of this phase was to understand the main features and 
issues related to the main topics of this work: PSS, ontology, simulation model and 
bike sharing system. 
Methodology: the steps followed are: 
 Articles searching through different databases such as: Finding DTU, 
Scopus and ScienceDirect. The considered research period is from 2000 to 
2014. The key words used are: Product service system, simulation model, 
ontology, bike sharing system and combinations thereof. Then publications 
containing those terms in the title or in the abstract were selected. From 
this research emerged more than 500 publications; 
 First screening of the articles regarding the topics under investigation by 
reading the abstract. In this way were selected about 150 publications; 
 Second screening identifying publications to be explored (about 100 
papers); 
 Analysis of the identified articles. 
Results: (1) Understanding of the used topics; (2) analysis and proposal of different 
solutions to the initial problem (companies often have to compete in an uncertain 
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and competitive market and need to assess if their offer fully meets customers’ 
requirement. In these cases, the simulation models could represent a right 
solution. Problems related to bad organization of data and the lack of a formalized 
language (containing symbols unambiguous and structured) often lead companies 
to build and analyze models that do not completely reflect the reality and then to 
make decisions that are not always appropriate to the context); (3) investigate 
how the proposed approach could solve the above problem and what is the 
benefit of using it; (4) choice of the studied PSS: after an analysis of the different 
types of PSS, the Bike sharing system was chosen because considered a good 
example of Use oriented service that gives benefits to the environment, society, 
customers, and companies. 
 Data collection and analysis: the aim of this phase is to gather and organize all the 
data necessary for the following steps. 
Methodology: to avoid unnecessary work, it has been necessary to plan future 
activities and future information necessary to carry the work forward. To do this, a 
draft of the simulation model was created. Once the scenario to analyze was 
defined, a list of all possible necessary data for the simulation was created. After 
that, different parallel activities were conducted: 
 Preparation and implementation of the interview for “GoBike” (company 
that manages the bike sharing system in Copenhagen); 
 Analysis through web, paper, observations and case studies. 
Once data was collected, it was possible to make a screening of the information 
and a detailed analysis of the data through Excel. 
Results: (1) Separation of data between useful ones for simulation and those to be 
entered only in the ontology; (2) graphs and exact value about PSS operational 
features (detail in chapter 4.2.3). 
 Ontology building: the aim of this phase was to create a well-organized database 
containing properties, constraints and relationships between concepts. 
Methodology: the steps followed are those proposed by Noy and McGuinness 
(2001) and will be shown in detail hereinafter. Then Protégé, a computer program 
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for ontology creation, has been used in order to organize the data and insert the 
right properties and relationships between different concepts. 
Results: creation of PSS database (detail in chapter 4.2.4).  
 Simulation model: the aim of this phase was to represent the characteristics of the 
studied PSS, based on inputs coming from the ontology. 
Methodology: all the necessary information were extrapolated from the ontology. 
Through a website (W3C Validator) the OWL language is translated in a table 
containing the corresponding data and these data were used in Excel to build the 
chosen scenario. 
Results: creation of the simulation model (detail in chapter 4.2.5). 
 Analysis and discussion: the aim of this phase is to evaluate some PSS' features. 
Methodology: different results consisting in various graphs were collected, 
reflecting different operating features. The graphs which were considered 
relevant were analyzed and some solutions proposed. 
Results: the bike sharing system in Copenhagen is not widely used, although the 
system is very modern and equipped with high-tech bicycles.  
 39 
 
4. CASE STUDIO: BIKE SHARING SYSTEM IN COPENHAGEN 
4.1 BIKE SHARING SYSTEM 
4.1.1What is bike sharing system 
The bike sharing system provides a service in which the bikes, not owned by the 
customer, are used for a relatively short period of time and for short distance trips, in the 
urban area as a substitute to public transportation or private vehicles. With bike sharing 
systems people can use a bike from point "A" and return it at the same point “A” or at 
different point "B". Several bike sharing systems are very inexpensive or free for the first 
30/45 minutes of use, in order to encourage their usage as a mean of transportation 
(Midgley, 2011; Richard and Jouannot, 2014). In this way each bike serves a lot of 
customers per day. For many systems, in order to increase convenience for the 
customers, there are smartphone apps that show the closest station, how many bikes and 
how many docking points are available at each station. 
In the 2014, bike sharing systems are available on five continents and more precisely on 
712 cities. There are approximately 806200 bicycles at 37,500 stations (Shaheen, 2014). In 
2011, the largest bike sharing system with around 90,000 bikes is in China. In Europe, the 
largest system is “The Vélib'” in France, which includes around 1,450 docking stations and 
20,000 bikes. The countries with the highest number of systems are Spain with 132 
systems, Italy with 104 systems and China with 79 systems (Shaheen and Guzman, 2011).  
Figure 8 shows the distribution of bike sharing systems in central Europe (in particular 
Italy, France and Denmark) in February 2015. The green bike indicates system in 
operations; the red exclamation mark means system no longer in operation and the 
question mark indicates system in planning or under construction.  
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Fig. 8 Distribution of bike sharing systems in central Europe 
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It is possible to divide Bike sharing systems into two main categories: 
1. "Community Bike programs": managed by non-profit organizations or local 
community groups; 
2. "Smart Bike programs”: organized by government agencies. 
4.2 Different generations of bike sharing system 
Over the past 50 years or so we have seen remarkable changes in Bike sharing system as 
is shown below (Midgley, 2011; Shaheen, Guzman, & Zhang, 2010): 
1. First generation: in 1965 in Amsterdam was born the “Free Bike Systems”. The 
only required components were distinct bicycles. So there were no station and the 
main characteristics was that bicycles are free. So people could find a bike, ride it 
to the final destination and leave it for the next customers. But there were 
problems with theft and damage to bikes; 
2. Second generation: in 1992-95 in Copenhagen the first “Coin Deposit system” was 
implemented. With this system a cash deposit (10kr or 20k) unlocked the bike 
from a terminal and it was again available for a new user when the old one 
returned it. So the only components were: bicycles and docking stations; 
3. Third generation (IT-based systems): in 1998 in Rennes was born the “Smart Card 
Systems”. This system is the modern system with improved bicycle designs, 
sophisticated docking station, and automated smart technology (mobile phones, 
mag-stripe cards or smartcards). Two important characteristics are: 
 Theft deterrents: in fact members have to provide ID, bankcard, or mobile 
phone number to identify themselves. If members do not return the bike, 
they are obligated to pay bike’s cost and also a punitive costs. Non-
members are required to pay an elevated deposit to ensure bike return, 
under risk of losing their deposits. 
 Short trips: typically for the first fixed interval of time the system is free  
and then the costs gradually increase; 
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4. Fourth generation: This system is the modern system that uses high-tech kiosks, 
solar power, wireless technology, Smart Cards and cell phone technology, GPS 
tracking and real time availability. Programs may include electric bicycles, bike’s 
redistribution system, better locking mechanism in order to avoid bikes’ theft, 
touch screen kiosks and smartcard linked to public transit. 
4.3 Bike sharing Benefits 
Bike sharing system has several benefits and people choose to use it for several and 
distinct reasons such as improving health, adapted for traveling, reduction of 
environmental impacts, saving time, saving money (Zhang, 2011). So in the choice of 
using bikes there are several reasons if you look at different locations and different city. 
For example, as mentioned by (Zhang, 2011) in China the majority use bike sharing for 
convenience. 
Some general benefits of bike sharing can be (Shaheen et al., 2010): low-cost public 
transit option for customers; way to solve the "last mile" problem ( i.e. people that have 
to travel from a transport hub to a final destination in the area); connection to public 
transportations; reduction of congestion and wasted fuel; raising and improvement of 
jobs; increasing of the connectivity; more physical activity; people that use their own bike 
have to do with theft or vandalism, maintenance, parking.  
4.4 Different types of customers 
Bike sharing systems are both used by commuters as a means of transport but also as a 
leisure activity, for example by tourists. In fact Bike sharing systems can have more than 
one target group. While the major focus in urban schemes is the daily customer who goes 
to work or to leisure activities, regional schemes often focus on the tourist market 
(Petersen, 2010). According to the literature, bike sharing systems is a transportation 
mode used by customers with different profiles. Ministry of Urban Development 
Government of India (Indian Government, 2012) affirms that in India the main customers 
are college students who trips take place within a reasonable cycling distance of college 
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campuses; while a study conducted in 2011 on the city of Wuhan in China shows that the 
main customers are company staff whose purpose is commuting trips. 
4.5 When customers use a Bike 
Public bikes fill an important niche in the urban transportation system in terms of trip 
length and costs as demonstrated in the Figure 9. Even though the choice of means of 
transportation changes from city to city and different authors (Daddio, 2012; Midgley, 
2011) degree that bike sharing system is an urban transportation mode used to travel 
distances too long to walk but too short to use the own private vehicle or to wait for a 
public transportation. People will walk up to 10 minutes for most trips or over a kilometer 
to go to work. Average cycling distances are short and more exactly it is into an interval 
between 1km and 5km (Quay Communications Inc., 2008). 
Bike sharing system, according to Stiftung (2009), can definitely improve actual public 
transportation networks. Bike sharing does not need to compete with public 
transportation but it may complement each other: it can help to avoid complicated 
transfers and bikes are often faster than public transportation or cars over short trips. At 
the same time, public transportation remains very important for several reasons. For 
example, adverse weather conditions will limit bike’s usage.  
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4.6 Factors influencing use of bike sharing 
Figure 10 shows different elements that influence bike usage. In bike sharing system 
safety has got a primary role in making cycling a plausible choice as a means of 
transportation. The loop R1 shows that policies encouraging cycling safety (such as 
presence of cycle paths, cycle-friendly intersections, traffic lights for bicycles) are useful in 
order to promote cycling. Also good and big bikes’ parking at transit stations have been 
shown to encourage the use of bikes. The loop B1 illustrates the dynamics when car are 
substituted by bikes, and vice versa. Higher costs such as tax for car usage and ownership 
have an important role in the switch from private car to bike usage. The loop R2 shows 
that bike-sharing systems may increase the total number of cyclists and a corresponding 
demand for better cycling structure. This can also leads government to allocate more 
    Fig. 9 Classification of urban transportation systems in terms of trip length and costs 
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funds and resources in cycling (Petersen, 2010). Unfortunately several bike sharing 
systems have not shown to be economically sustainable (Midgley, 2009, 2011). So loop B2 
illustrates that in the long-term, continued support of bike sharing systems using public 
funds can reduce the resources available to improve and maintain the cycling safety and 
parking infrastructure. Conversely, if only private capital is invested in bike sharing 
systems, city governments may deploy the funds saved to focus on cycling safety and 
parking infrastructure. (Kumar et al., 2012). 
 
Fig. 80 Expected short-term Causal Loops for Bike-sharing 
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4.7 Factors influencing success of Bike sharing 
According to Institute for Transportation and Development Policy (ITDP) there are five 
elements that have to come together in order to have a great system (2013): 
 Station Density: a good implemented system needs to have between 10 and 16 
stations for every square kilometer, giving an average distance of about 300 
meters between stations and a comfortable walking distance from each station to 
any place in between. Systems with lower density may have low usage rates; 
 Coverage Area: 10 square kilometers is the minimum area covered by the system. 
This area have to be large enough to contain a big number of customer origins and 
destinations; 
 Bikes per Residents: In every systems a number of bikes between 10 and 30 
should be available for every 1000 residents. Systems with a lower ratio of bikes to 
residents cannot satisfy the demand of potential customers during peak periods, 
reducing system usage and reliability; 
 Easy-to-Use Stations: actions to do to use a bike have to be simpler as possible. 
The payment process should be easy and convenient. 
 Quality Bikes: bikes should be comfortable, durable and attractive. The bikes 
should also have particularly designed parts and sizes in order to better identify 
them and to discourage theft and resale; 
Different customers prioritize requirements and barriers about bike sharing 
differently. For example people who take a bike for a short trip undertaken to 
perform a specified task or commission would like to have: dense station and lock on 
bike and their problem can be lack of options to carry goods. Instead tourists give 
more importance to the proximity of station to public transportation or to some 
points of interest and their problem can be high prices for longer rental (Petersen, 
2010). 
4.8 Key indicators & barriers table 
In the table below (Table 3) are shown key indicators and barriers about bike sharing 
implementation based on the society´s point of view. The table is built as follows: from 
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different paper it is possible to put down a list of important factors about bike sharing 
system (key indicators or barrier). Then this factors are clustered based on financial 
aspect, on characteristic of the city and on system aspect and they are classified into 
positive, neutral or negative factors. For positive it means elements that give some 
benefits and are important in order to better implement the bike sharing system. 
Negative is the opposite i.e. elements that are no good for the system, while for neutral it 
means characteristics that could have some strengths and some weaknesses.  
Examples of neutral factors are: fees, in fact companies have to find a right price: if it is 
too high customers don´t use bikes but if it is too low the system is not economically 
sustainable in the long run; length of bike paths since more lanes city has and more 
people could use the system but contrariwise if the city has a lot of bike´s lanes it has to 
spend much money to maintain and innovate the streets. 
Examples of positive factors are: CO2 reduction or for example services open 24 hours per 
day. 
Instead examples of negative factors are: city topography or bad weather conditions. 
 
These elements proposed by several authors (Clayton et al., 2011; Petersen, 2010; Zhang, 
2011) are analyzed and combined into a single table. 
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Table 3 Key indicators & barriers table 
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4.9 Revenue and costs 
Bike sharing costs vary greatly, depending on several factors such as density of 
population, fleet size or service area. However, capital costs may include purchase of 
the bikes and realization of the stations, license of back-end system, member cards (if 
necessary). The operating costs may include maintenance, distribution, salary of the 
staff, insurance, rent of office, storage facilities, website, and electricity (if necessary) 
(Demaio, 2009). 
Potential revenue sources for the company could be (Indian Government, 2012): 
 Annual subscriptions (deriving by regular customers); 
 Temporary subscriptions ( deriving by occasional customers); 
 Payment based on time of use; 
 Advertising: the advertising space on the docking stations and on the bikes 
could be sell and it is a potentially significant source of revenue; 
 System sponsorship: a private entity decide to sponsor the system in exchange 
for branding rights; 
 Retail at stations: larger stations may need kiosks to help customers and to 
assist with the redistribution of bikes. These kiosks may sell snacks, hot and 
cold drinks and newspapers. 
4.10 Category of PSS category for a Bike sharing system 
As stated in Section 2 PSS can be classified into three main categories in which there 
are 8 different types of PSS. Bike sharing system is one of the most clear and 
elementary examples: customers pay for the temporary use of bikes that are owned by 
a company. Provider is also responsible of maintenance/repair of the bikes. 
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4.2. BIKE SHARING SYSTEM IN COPENAGHEN 
4.2.1 History 
In Copenhagen Bike sharing system was born in 1995 and consisted of about 1,000 
bicycles. The original idea was to reduce the theft of bicycles in the city by offering 
specially designed bikes for free public use based on commercial sponsoring and 
advertising. Bikes worked like a shopping trolley system: people putted a 10 or 20 kr 
coin in and they can get it back when they return the bike. But this system was a flop 
because many bicycles were stolen or found damaged. So in the 2009 the City of 
Copenhagen started pondering the idea of getting a Next Generation of bike sharing 
system. In March 2014, around 200 new and high-tech bikes have been introduced in 
Copenhagen. The bikes are electric and they has a tablet in order to provide a lot of 
useful information also during the travel. The tablet has Internet and GPS connectivity, 
and everything from error reports and customer behavior data can be collected 
(Hauschildt, 2014). 
Nowadays, in Copenhagen, people travel 660,000 kilometers by metro, and 1.31 
million kilometers by bike, almost double the amount. Bikes tracks and lanes are about 
400 kilometers in total (Canty, 2014). 
4.2.2 How the system works 
First of all, customers need to create a customer account in order to use the system. 
They may create an account at home or also directly on the tablet. After that, they 
may go to the selected docking station and take a bike by entering on the bike’s tablet 
their user identification and their pin code. Customers can return the bike to any of the 
20 docking stations existing in the city. Customers can achieve the nearest stations 
thanks to google maps on the tablet. The hourly payment stops only when the bike is 
returned to a docking station. Before start their trip customers have to register their 
credit card and when he leave the bike the payment happens automatically. The whole 
process of operation is shown in the Figure 11: 
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Customers’ costs: 
The Figure 12 shows the ordinary costs customers have to spend when they use the 
system (Bycyklen, 2015): 
Other costs customers have to spend are the following: 
 Reservation and booking: If customers want to find certainly a bike ready when 
he arrive in the docking station, they may reserve it (by website). 30 minutes 
before the time of reservation they have to confirm and so the reservation 
became a real booking. Booking costs 10kr; 
 Deposit: the system reserves a deposit of 500kr on customers’ card when they 
create an account and register their credit card in the system. The deposit is 
released after two days; 
Fig. 11 Copenhagen: how the bike sharing system works 
        Fig. 12 Customer's costs 
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 No bike return: customers can go anywhere. If the docking station is full, they 
may return the bike next to the docking station without extra costs, making 
sure the bike is correctly locked. But if the bike is left in a station with free 
docking point, but still placed next to them, the cost will be 50 kr. If a bike is 
returned in the city but outside the docking station areas the charge is 200 kr. If 
a bike is left unlocked or unreturned, and company needs to go pick it up, 
company charges the costs for this. 
 
4.2.3 Useful data about bike sharing system in Copenhagen: 
Information used in the following steps are obtained by interview and meeting with 
“GoBike” company and by analysis on different websites. 
Data analyzed are the following:  
 Stations and number of bikes in each station:  
Not all stations are analyzed singly but the selected stations are considered the 
most used by users and therefore may require more attention.  In reality, as 
shown in the Figure 13, are considered only five stations and then the 
remaining fifteen stations are considered as one big station called station 100. 
All stations are connected to each other and users can pick up the bike at any 
station and leave it at any other station that could be the same or not. 
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Number of bikes in each station is calculated based on the real data about the 
percentage of bike sharing’s usage: the station which has the major 
percentage of use could have the highest number of bikes. More precisely the 
number of bikes is calculated as follows.  
Data indicating the station from which users take the bikes are available. From 
this data it is possible to affirm that from 24th of February to the 05th of 
December: 
 the 17% of users to take a bike use station 14; 
 the 12% of users to take a bike use station 13; 
the 12% of users to take a bike use station 27; 
the 10% of users to take a bike use station 39; 
the 6% of users to take a bike use station 32; 
the 43% of users to take a bike use station 100;  
Then it is assumed that each station has enough bikes to satisfy all users that 
come. So, considering that the total number of bikes in the system is 200, the 
number of bikes in each station is the following:  
Station 14 (name: Forum Metrostation): 34 bikes (17% of 200 bikes); 
Station 13 (name: København H): 24 bikes; 
Station 27 (name: Københavns Rådhusplads): 24 bikes; 
Station 32 (name: Vesterport Station): 12 bikes; 
Fig. 13 Analyzed stations 
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Station 39 (name: Østerport Station): 20 bikes; 
 Station 100 (All other stations): 86 bikes. 
The name of the stations does not correspond to the reality but it is choose in 
order to make the ontology building more clear and complete. 
 
 Number of users in each station: 
The critical day for lack of bikes is when the major amount of people use the 
system. So through data observations and analysis it is possible to see that, 
from the 24th of February to the 05th of December, the busiest day is the 08th 
of June with 460 users. From data about stations’ usage, is calculate the 
departure percentage of the users for each station, so the users’ number is 
split between each station. More precisely, the results are the following: 
 
Total number of users in every stations is 460.  
Users in each stations: 
  Station 14 has the 17% of 460 users so it has 78 users; 
 Station 27 has the 12% of 460 users so it has 55 users; 
 Station 13 has the 12% of 460 users so it has 55 users; 
 Station 39 has the 10% of 460 users so it has 46 users; 
 Station 32 has the 6 % of 460 users so it has 28 users; 
 Station 100 has the 43% of 460 users so it has 198 users. 
 
 Round trip or one way trip: 
From data indicating for each user what is the departure station and what is 
the final station it is possible to affirm that the 44% of users take a bike in a 
station “A” and return it in the same station, instead the 56% of users take a 
bike in a station “A” and return it in a different station “B”. 
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Table 4 shows more precisely what the percentage of round trip in each 
station is. It is also possible to see what is the percentage of users that take a 
bike in station “A” and leave it in station “B” or “C” and so on: 
 
 Kind of users: 
The “GoBike” interviewee affirm that: “There is a difference of users between 
summer and winter: they change during the year. The main users are 
commuters but a lot of tourists use the system too”.  
To calculate the percentage of tourists and commuters it is used data about 
travel duration. It is supposed that commuter uses bike not more than 30 
minutes instead tourist uses bike for a few hours.  
So for these reasons it is possible to affirm that the 44% of users are tourists 
and the 53% of users are commuters. 
  
 Travel duration:  
Data relating to travel duration, provided by the company, are analyzed and 
divided into intervals as follows: 0minutes/40seconds; 40seconds/5minutes; 
5minutes/20minutes; 20minutes/1,5hours; 1,5hours/3hours; 3hours/5hours; 
5hours and more. For each of the above interval is built a histogram and then 
Table 4 Percentage of round trip and one way trip in each station 
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is looking for the function that best approximates the histogram. After that it is 
checked that the simulated data are close enough with real data. 
An example of the above studies is explained below. In the Figure 14 the real 
data and the approximating function are shown: 
  
Fig. 14  Interval 20min-1,5h: histogram with the real data and the approximating function 
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The function equation is the following: 
 
  𝑦 = 𝑎 ∗ 𝑒^(−𝛌𝐱) 
   𝑎 = 𝛌𝐜   With c= coefficient 
 
Instead, Figure 15 shows the real data and the simulated data: 
   
From the two graphs above it is possible to see that both the function and the 
simulated data reflect quite well the real data. Then it is possible to use the 
inverse of the found function to calculate the travel duration. For each interval 
are used different functions based on the real data. 
          Fig. 15 Interval 20min-1,5h: histogram with the real data and the simulated data 
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After that the percentage of each intervals is calculated in the following way: 
On about 60,000 observations is calculated the amount of users that use bikes 
in the found intervals so the results are shown in Table 5: 
 
At the end, to calculate travel duration in each station are used the results of 
the inverse function mentioned before and the percentage of users for each 
intervals. For example: 16% of users use the bike with a duration that follows 
the above shown function and so on for all the other intervals. The final results 
are shown in the Table 6:  
Table 5 Percentage of users for each intervals of travel duration 
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 Time of departure: 
To have these data, the procedure is the same used for the calculation of the 
travel duration. So for each station, a histogram is built and after that the 
approximating function is found and to have the time is used the inverse of 
this function. Example of the obtained graphs is shown in Figure 16: 
Table 6 Travel duration for each user 
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Fig. 16 Departures in station 39: Real data and approximating function 
 
This function is the normal distribution and it is indicate by the following 
formula: 
 
 
 
𝒘𝒉𝒆𝒓𝒆 𝝁 𝒊𝒔 𝒕𝒉𝒆 𝒎𝒆𝒂𝒏 𝒐𝒓 𝒕𝒉𝒆 𝒆𝒙𝒄𝒑𝒆𝒄𝒕𝒂𝒕𝒊𝒐𝒏,  𝒊𝒔 𝒕𝒉𝒆 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅  
𝒅𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 𝒂𝒏𝒅 𝒊𝒔 𝒕𝒉𝒆 𝒗𝒂𝒓𝒊𝒂𝒏𝒄𝒆  
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The results are the following (Table 7): 
  
 MTTR (mean time to repair) for bike’s damage:  
These data are used in the ontology in order to make them more complete as 
possible but they are not used in the simulation model since they are 
considered irrelevant to the simulation. 
Few days: 5cases/959= 0, 5%; 
One week: 621cases/959=64, 5%; 
Two weeks: 188cases/959=20%; 
More than two weeks: 100 cases/959=10%; 
Unknown: 45 cases/959=5%. 
 
         Table 7 Departure times in each station 
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4.2.4 Bike sharing ontology 
The steps followed to build the ontology are those proposed previously:  
 Step 1. Determine scope and domain of the ontology: 
To determine domain and scope of the ontology it is possible to reply some 
simple questions. The answers could change during the ontology development. 
The questions could be the following: 
 
Table 8 Determine the domain and scope of the ontology 
 
The ontology will include the information on bike sharing system: for example 
number of docking stations, total number of bikes, payment methods, number 
of docking point, travel duration. 
 Step 2. Consider reusing existing ontologies: 
This step is not used in the Bike sharing system ontology because searching on 
different web site no relevant ontologies have been found. The web site used 
are the following: 
http://www.ksl.stanford.edu/software/ontolingua 
http://www.daml.org/ontologies 
www.unspsc.org 
 
Questions 
 
Answers 
What is the domain that the ontology 
will cover? 
Rapresentation of Bike sharing system 
For what companies are going to make 
the ontology? 
Represent clearly the Bike sharing system 
in order to make a simulation model 
For what types of questions the 
information in the ontology should 
provide answers? 
How Bike sharing works? 
How I can pay the service? 
How customer can do a complaints? 
Who will be the user? People want to understand how bike 
sharing works; 
People that want to have a right 
representation of Bike sharing system 
 63 
 
www.rosettanet.org 
 www.dmoz.org 
 Step 3. Enumerate important terms in the ontology: 
It is useful to write down a list of all terms we would like either to make 
statements about or to explain. In this step it is not important to specify the 
relationship between the concepts or any properties that the concepts have or 
the link about classes and subclasses. But now the important thing is give a list 
of a general terms. This list could be changed or extended.  Some important 
terms include: 
 
 Bikes 
 Stations 
 Card 
 Customers 
 Route 
 Traffic 
 Monitor 
 Gps 
 Knowledge 
 Take a bike 
 Use 
 Return the bike 
 Payment 
 Risk 
 Travel duration 
 Weather 
 Parts 
 Docking point 
 Time of departure 
 Kind of users 
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 Round trips 
 One way trips 
 Name of stations 
 Step 4. Define the classes and the class hierarchy: 
To build this ontology is used a Top-Down development process. It starts with 
the definition of the most general concepts in the domain and subsequent 
specialization of the concepts. In fact, the starting point is the creation of 
classes for the general concepts, for example Process. Then it is possible to 
specialize the class by creating some of subclasses, for example take the bike, 
use the bike. 
 Step 5. Define the properties of classes—subclasses: 
The classes alone will not provide enough information. So it is necessary to 
describe the internal structure of the concepts. Most of the terms in steps 3 are 
likely to be properties of other terms. For example: the terms battery, brakes, 
handlebar, monitor, pedals, tire, seat are subclasses of the same class “Parts”. 
Or the class “Process” has: arrive, payment, change station, use, take a bike, 
return a bike, reservation, and so on like a subclasses. 
 Step 6. Define the facets of the subclasses: 
Fig. 17 Example of Classes and subclasses 
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Classes can have different facets describing the value type, allowed values, the 
number of the values, and other features. For example: 
 
 Cardinality: in the system there are 200 bikes, 20 docking stations and 
400 docking points. 
 
  
 Boolean: Condition parts has two values: good or bad. 
 
 
 String: docking stations’ names are strings. 
 Integer/float: The payment is a number. 
Domain and range of a slot: 
The class to which the relationship applies is the Domain.  
The class to which the relationship relates is the Range. 
       Fig. 18 Ontology: example of cardinality 
             Fig. 199 Ontology: example of Boolean condition 
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For example as Figure 20 shown, the domain of has_possibility is the class 
users. Its range is money, time and knowledge. 
 
A complete file about Bike sharing ontology in OWL language is presented in the 
Appendix A. 
After building the whole ontology and inserted in it all the important data that 
describe the system, it is necessary that part of this database can become an input for 
the planned simulation model. For this purpose, it is possible to use a website (W3C 
validator) that allows to validate the OWL language, whose syntax (derived from HTML 
and RDF language) is heavy and difficult to read. W3C (an organization created with 
internet) defines the guidelines for web standards and aims to reduce the problems of 
incompatibility that occur in all web browsers. Without the W3C validation a page 
could be perfect in a browser but be illegible in another browser. From the validation a 
triple representation of the corresponding data model is displayed. 
The table, analyzed trough Excel, appears to be as follows: 
 
Docking_point Number_of_docking_point 400 
Docking_station Number_of_docking_station 20 
         Fig. 20 Ontology: example of range and domain 
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Duration_between_0-40sec Percentage 11 
Duration_between_1,5h-3h Percentage 16 
Duration_between_20min-1,5h Percentage 32 
Duration_between_3h-5h Percentage 6 
Duration_between_40sec-5min Percentage 16 
Duration_between_5h-more Percentage 3 
Duration_between_5min-20min Percentage 16 
Station_13 HasName København H 
Station_13 Has_bikes 50 
Station_14 Has_bikes 45 
 
        Table 9 Example of Ontology table 
4.2.5 Simulation in Excel 
The constructed model is a stochastic model. It is defined in this way because it takes 
into account the variability of the input data. In fact it is a model in which, in addition 
to certain variables, are also involved random variables. Therefore the variables of the 
system are composed of two parts: a systematic component (or exact), characterizing 
the deterministic models, and a stochastic component that varies according 
probabilistic schemes. In this way, it seeks to include into the model the effect of those 
variables that, according to the result of human conduct or otherwise for reasons not 
known, are relatively unforeseeable. Hence these types of mathematical models are 
more reliable since they are capable of providing results more realistic. 
The initialization of the random variables is done through the identification of the 
probability distribution that characterizes every single variable, through statistical 
analysis of data collected in the past, which is the probability space of the values that 
the random variable can take. 
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In this work, the random generation of values regards aspects such as: the number of 
customers who pick up the bike from one station and deposits it in another one. As 
well as the duration of the trip or the exact time of arrival in a particular station are 
based on random values. It is possible in this way be able to observe different 
scenarios in a quick and easy way. The proposed and developed simulation model 
involves the representation of Bike sharing system usage with the aim of assessing its 
operation and its ability to satisfy customers, avoiding the lack of bikes at each station. 
For this reason it is decided to analyze a day considered critical because of high service 
demand. It is decided to represent and analyze the entire 24-hour day. In particular, 
the flow chart in the Figure 21 shows the activities under examination in the 
simulation model: the darkest boxes are those on which the simulation model has 
been set. It is assumed that user goes to the chosen station and he decides not to use 
the service in case of lack of bikes. For the release of the bikes, the fact that all the 
docking point can be busy is not considered a problem because, as already mentioned 
in the previous chapter, the Copenhagen system provides the possibility of release the 
bike well locked outside of the docking point without any consequence for the user. 
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Fig. 21 Flow chart about bike sharing 
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5. RESULTS 
The results of the model can be manifold. Below there are some examples of graphs 
that, being based on variables that are not fixed, change every time you make an 
observation. 
5.1 Results of simulation and discussion 
The graph in Figure 22 shows the daily situation of bike sharing system usage at each 
analyzed station. As can be seen, the total number of initial bikes present in each 
station is a little higher than the total number of the final ones. This is because it may 
happen that a very low number of users could take the bike, use it and then not 
releasing it in any stations, or the user can use the service for more than one day, or it 
could be that the bike is stolen. However, out of fifty observations made, the number 
of available bikes for all stations never drops below 194. Therefore, the percentage of 
users who use the system for up to a few hours and then return the bike is quite high, 
i.e. from 97% up. So, it is possible to state that the system is generally used for a short 
time and people who do not return the bike (very few) after a few hours generally tend 
to keep it for several days. 
Besides, it is seen that in some stations the number of initial bikes is different from the 
final one. Then, it is possible to deduce that the position of the bikes at the end of the 
day could be different compared to the initial one. This means that users sometimes 
take the bikes, use them and then leave them in a different station than the initial one. 
This in the long run could lead to problems of saturation of some stations and 
consequently to the lack of bikes in other stations. It could be consider whether or not 
it is appropriate to make a redistribution of bicycles in order to avoid this problem and 
therefore be able to have full customer satisfaction. Therefore, one might think, as 
well as work on some systems and as well as the same “GoBike” company think to 
implement in a short time, to offer incentives to customers rather than opens leave 
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the used bike in a station already full decide to travel and leave the bike in one of the 
station nearby and not full. 
From the graph you may also see exactly when the bikes are taken and when they are 
returned in the various stations (not necessarily by the same user). The curves will 
tend to decline in the time interval observed (into the model have been simulated 24 
hours through slices of 15 minutes) if the number of bikes taken is higher than those 
left; vice versa, the curves will tend to rise if the number of bikes left is larger than 
those taken. 
It can be still observed that the number of bicycles available at all stations during the 
whole day is never too low. This situation means that the bike sharing system in 
Copenhagen is not much used, and that users who use the system are relatively few 
considering also the fact that to carry out the simulation has been taken as a reference 
the day with the highest number of requests. 
This could be due to multiple factors such as the bad location of the stations or the 
lack of stations in points a little more outside the city or even the culture of the people 
that prefer to have the own bike. 
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From the simulation model it is also possible to identify what is the minimum number 
of bikes that can be reached during the day at each station. It is possible then to build 
up a further graph that indicates precisely for each station what is the lowest number 
of available bikes during the whole day. As it is possible to see from the example 
illustrated in Figure 23, at the station 27, making about 60 observations, there is never 
a time of the day when the number of bikes is zero or very close to zero. It could be 
useful to set a minimum threshold below which the number of bicycles should not be 
in order to avoid dissatisfied customers’ demand. 
The threshold could be equal to 20 percent of the initial bicycles present in that 
station: 
𝑆𝑚𝑖𝑛.𝑥 = ⌈20% ∗ 𝑁𝑥⌉ 
𝑤𝑖𝑡ℎ 𝑁𝑥 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑘𝑒𝑠 𝑖𝑛 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑥  
𝑎𝑛𝑑 𝑆𝑚𝑖𝑛.𝑥 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑓𝑜𝑟 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑥 
Fig. 22 Daily situation in each studied station 
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So, for example, in the case of station 27, analyzed in the figure below, the threshold 
will be equal to: 
 𝑆𝑚𝑖𝑛.27 = ⌈20% ∗ 24⌉ =  5  
In the figure the minimum threshold is indicated with a red line. 
    Fig. 103 Station 27: Minimum number of bikes during the day 
 
As it is possible to see, the values never fall below the chose threshold. This could be 
due to two factors: 
 the system is not very much used; 
 the system is self-balancing. The situations of balancing can be two and are 
shown in Figure 24: 
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It is also possible to analyze the maximum number of bikes during the day. If this 
number is too high could be a problem because it implies primarily lack of bicycles in 
other stations but also lack of docking point for locked the bicycle and therefore too 
many bikes having to rearrange. The upper threshold is chosen doubling the initial 
number of bicycles in the station (knowing that the number of docking point is always 
twice the number of bicycles). The graph in Figure 25 is build making 60 observations: 
Fig. 114 System balancing 
       Fig. 25 Station 27: Maximum number of bikes during the day 
 75 
 
In different observations, times in which the value of the bicycles exceeds the 
threshold are zero. This could be because the system of bike sharing is little used or 
because, being high enough the percentage of round trips in each station, about half 
the bikes back in the departure stations and the other part is distributed in several 
other stations (as seen in the chart below).  
Another graph is shown in Figure 26. For each station, it is possible to see the 
percentage of users who take the bicycles at the studied station and leave them in a 
station which may be the same or different from the initial one. 
Through various observations it is possible to see that the percentage of users who 
take the bikes in the studied station and leave them in the same station is often 
greater than the users who leave in a different station. 
 
This graph, combined with that of the other stations, it may be useful to understand 
how many bikes in a day are left in the analyzed station, regardless of the departure 
station. 
  
Fig. 126  Station 27: Round trips and one way 
trips considering all station separately 
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It can do this through the following formula: 
𝑁𝑥 = ∑ 𝑃𝑥−𝑦 ∗ 𝑈𝑦
𝑛
𝑖=1   
𝑊𝑖𝑡ℎ 𝑃𝑥−𝑦 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑏𝑖𝑘𝑒𝑠 𝑡ℎ𝑎𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 𝑖𝑛 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑥 𝑎𝑛𝑑 𝑎𝑟𝑒 𝑡𝑎𝑘𝑒𝑛 𝑖𝑛 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑦  
𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑧𝑒𝑑 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 
𝑎𝑛𝑑 𝑈𝑦 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 (𝐾𝑛𝑜𝑤𝑛) 𝑜𝑓 𝑢𝑠𝑒𝑟𝑠 𝑡ℎ𝑎𝑡 𝑡𝑎𝑘𝑒 𝑡ℎ𝑒 𝑏𝑖𝑘𝑒 𝑓𝑟𝑜𝑚 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑦  
In particular for the station 27 the proposed formula is shown below:  
𝑁27 =  𝑃27−27 ∗ 𝑈27 + 𝑃27−13 ∗ 𝑈13 + 𝑃27−14 ∗ 𝑈14 + 𝑃27−32 ∗ 𝑈32 + 𝑃27−39
∗ 𝑈39 + 𝑃27−100 ∗ 𝑈100 
The graph in Figure 27 shows the distribution of users during the day. From here it is 
possible to see the periods of the day when there is the greatest demand against the 
periods in which nobody uses the system. 
As can be noted from the graph the periods of increased use are from 9 am until about 
6 pm, times when tourists turn the city or however commuters use the bike to get to 
and from work. 
 Fig. 27 Users' distribution 
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6. DISCUSSION 
6.1 Conclusions 
PSSs are becoming very common in companies that want to be quite “close” to their 
customers and to gain a good profitability. Many times they need to evaluate the 
effect of changes on the performances of their offers within different conditions and 
assess if the new PSS satisfies customers' requirements. For these purposes, simulation 
models could be useful to represent the reality and identify the critical points on which 
to act. Generally PSS' concepts are not well organized and there is often a mismatch 
between what people have and what they need to build the model. Thus modelers 
could use the incorrect or incomplete information in their simulation model and 
consequently the obtained results could be erroneous. To prevent the above issue an 
ontology is created in order to better represent and organize the underlying PSS' 
concepts. In this way, companies can construct the exact representation of the system 
in the early stages of their simulation model. The above tools are used in a transport 
sector and are applied to represent and simulate the Bike Sharing System’s behavior in 
Copenhagen. At the end simulation’s results are evaluated and discussed. Before 
building the above methodology a literature review is carried out in order to 
understand what different authors have proposed and to analyze different tools that 
will be used during the project. The literature review is focused on the PSS’ features, 
on the simulation model and its applications and on the ontology concept and how it is 
possible to build and use it. 
Results show that the bike sharing system in Copenhagen is not widely used, although 
the system is very modern and equipped with high-tech bicycles. In fact, unlike other 
European countries where the problem lies in the precarious conditions of the 
infrastructure (or the absence of them) or in not using the bikes as a real means of 
transportation but only for pleasure, Denmark has not the above problem; rather, the 
issue would seem to lie in the culture of people who prefer their own means and use 
their own bikes or public transportation rather than opening up to the use of the bike 
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sharing system. These results were also confirmed by GoBike company, but also from 
studies and paper published in recent months, about the under-utilization of the 
system Copenhagen. 
The presented work has the purpose to show different steps through which companies 
could make some decision about their PSS. So this work aims at developing a 
methodology structured in the following way: 
 collecting all relevant data concerning the PSS; 
 building an ontology in order to better represent the concepts and their 
relationships; 
 simulating some PSS’ features; 
 evaluating the results in order to enable companies to make decision about 
what to do. 
The goal of the above methodology is to provide companies a sequence of activities to 
be carried out in order to have all data well-structured and organized, for both 
products and services,. In this way, companies avoid to lose important data or having 
to refer to significant files / documents to find what they seek. Then, data can be used 
in multiple ways including, as developed in this project, as input to simulation models. 
One of the most important advantages is that by simply changing the data from the 
database constructed previously, the entire simulation model will adapt quickly and 
easily to the new conditions. This enables companies to be very flexible and fast in the 
market replies, features very important nowadays because customers’ needs change 
quickly. Also, another advantage of the method is the possibility of being able to 
communicate with other companies or individuals in general without ambiguity, being 
the language used a standardized language easily to understand.  
Summarizing, the main benefits of this methodology are reductions in time and effort 
required for: (1) developing a simulation model, (2) sharing knowledge, (3) 
communicating between different individuals. 
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6.2 Limitations 
The assumptions used in the simulation model are very simplified. 
For example, the use of the system is considered an on/off, i.e. the user who wants to 
take a bike, arrives in the chosen station and if there is an available bike he takes it, 
otherwise he decides not to use the system. But, in reality, there would be a 
percentage of people who would be willing to wait before deciding not to use the 
system. So the model does not consider the users’ waiting time.  
Another concept not simulated in the model is the bicycles’ damages and the time it 
takes for bikes to be repaired. 
In addition to the assumptions of the model, another limitation lies in the hypothesis 
used in categorizing data. For example, not all stations are analyzed but it was decided 
to aggregate a number of stations equal to 15 because of their lower use. 
Furthermore, the number of bicycles is not exact but it has been calculated based on 
the data usage of each station considering that all users have to be satisfied. 
The ontology limitations are that the database built only contains detailed information 
regarding the activities studied in the model and not on the entire bike sharing system 
in Copenhagen and some information has been entered manually and reflects a gap in 
the database,  such as the name of the stations. 
6.3 Future work 
For future research a step would be to enrich the ontology and focus on the concepts 
not much discussed in this work in order to make it complete. 
It would also be advisable to develop several scenarios in the simulation model and 
eliminate some restrictive assumptions. 
Moreover, the bike sharing system could be analyzed together with other means of 
transport in order to model the synergies between bikes/buses/trains. 
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It would also be possible to compare different systems of bike sharing. A possible 
comparison would be between the most successful bike sharing systems and the one 
simulated, in order to understand whether what are the differences and which drivers 
could improve the current performance of the system. 
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8. APPENDIX A 
<?xml version="1.0"?> 
<!DOCTYPE rdf:RDF [ 
    <!ENTITY owl "http://www.w3.org/2002/07/owl#" > 
    <!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" > 
    <!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" > 
    <!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" > 
]> 
<rdf:RDF xmlns="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#" 
     xml:base="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74" 
     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 
     xmlns:owl="http://www.w3.org/2002/07/owl#" 
     xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"> 
    <owl:Ontology rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74"/> 
    <!--  
    /////////////////////////////////////////////////////////////////////////////////////// 
    // 
    // Annotation properties 
    // 
    /////////////////////////////////////////////////////////////////////////////////////// 
     --> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#comprending --> 
    <owl:AnnotationProperty 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#comprending"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#hasName --> 
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    <owl:AnnotationProperty 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#hasName"/> 
    <!--  
    /////////////////////////////////////////////////////////////////////////////////////// 
    // 
    // Object Properties 
    // 
    /////////////////////////////////////////////////////////////////////////////////////// 
     --> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Available_bike --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Available_bike"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_an_available_bike"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_an_available_bike --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Has_an_available_bike"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Has_possibility --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Has_possibility"> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Knowledge"/> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Money"/> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Time"/> 
        <rdfs:domain rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Users"/> 
        <rdfs:subPropertyOf rdf:resource="&owl;topObjectProperty"/> 
    </owl:ObjectProperty> 
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   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Has_risks --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Has_risks"> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Accident"/> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Broken_bike"/> 
        <rdfs:range rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Theft"/> 
        <rdfs:domain rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Users"/> 
    </owl:ObjectProperty> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#No_available_bike 
--> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#No_available_bike"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_an_available_bike"/> 
   </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#bad_condition --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bad_condition"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_condition"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#good_condition --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#good_condition"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_condition"/> 
    </owl:ObjectProperty> 
 90 
 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_actions --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_actions"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_complaints --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_complaints"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_condition --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_condition"/> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_docking_point 
--> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_docking_point"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_duration --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_duration"> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_duration"/> 
                <owl:someValuesFrom rdf:resource="&xsd;integer"/> 
            </owl:Restriction> 
        </rdfs:domain> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_duration"/> 
                <owl:someValuesFrom rdf:resource="&xsd;decimal"/> 
            </owl:Restriction> 
        </rdfs:domain> 
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    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_knowledge --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_knowledge"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_possibility"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_modality --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_modality"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_money --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_money"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_possibility"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_time --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_time"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_possibility"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#oneway_trip --> 
    <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#oneway_trip"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_modality"/> 
    </owl:ObjectProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#roun_trip --> 
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   <owl:ObjectProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#roun_trip"> 
        <rdfs:subPropertyOf 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_modality"/> 
    </owl:ObjectProperty> 
    <!--  
    /////////////////////////////////////////////////////////////////////////////////////// 
    // 
    // Data properties 
    // 
    /////////////////////////////////////////////////////////////////////////////////////// 
     --> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Has_bikes --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Has_bikes"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Number_of_bykes 
--> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Number_of_bykes"> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Number_of_bykes"/> 
                <owl:qualifiedCardinality 
rdf:datatype="&xsd;nonNegativeInteger">200</owl:qualifiedCardinality> 
                <owl:onDataRange rdf:resource="&xsd;integer"/> 
            </owl:Restriction> 
        </rdfs:domain> 
    </owl:DatatypeProperty> 
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   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Number_of_docking_point --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Number_of_docking_point"> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Number_of_docking_station"/> 
                <owl:qualifiedCardinality 
rdf:datatype="&xsd;nonNegativeInteger">20</owl:qualifiedCardinality> 
                <owl:onDataRange rdf:resource="&xsd;integer"/> 
            </owl:Restriction> 
        </rdfs:domain> 
    </owl:DatatypeProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Number_of_docking_station --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Number_of_docking_station"> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Number_of_docking_point"/> 
                <owl:qualifiedCardinality 
rdf:datatype="&xsd;nonNegativeInteger">400</owl:qualifiedCardinality> 
                <owl:onDataRange rdf:resource="&xsd;integer"/> 
            </owl:Restriction> 
        </rdfs:domain> 
    </owl:DatatypeProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Peaks_of_use --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Peaks_of_use"/> 
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   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Price --> 
   <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Price"> 
        <rdfs:comment>per hour 
</rdfs:comment> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Price"/> 
                <owl:someValuesFrom rdf:resource="&xsd;integer"/> 
            </owl:Restriction> 
        </rdfs:domain> 
    </owl:DatatypeProperty> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_docking_station --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_docking_station"> 
        <rdfs:domain> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_docking_station"/> 
                <owl:someValuesFrom rdf:resource="&xsd;string"/> 
            </owl:Restriction> 
        </rdfs:domain> 
    </owl:DatatypeProperty> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#has_duration --> 
    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#has_duration"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#percentage --> 
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    <owl:DatatypeProperty rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#percentage"/> 
    <!--  
    /////////////////////////////////////////////////////////////////////////////////////// 
    // 
    // Classes 
    // 
    /////////////////////////////////////////////////////////////////////////////////////// 
     --> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#0-5min --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#0-5min"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#1,5h-3h --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#1,5h-3h"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#20-1,5h --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#20-1,5h"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#3h-5h --> 
   <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#3h-5h"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
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    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#5-20min --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#5-20min"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#5h-more --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#5h-more"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_trip"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Accident --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Accident"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Risks"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Arrive"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision"/> 
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                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_at_home"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Autumn --> 
 <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Autumn"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Seasons"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Battery --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Battery"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Bicycles --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Bicycles"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Brakes --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Brakes"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
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    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Brakes_broken --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Brakes_broken"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Brakes_broken"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Broken_bike"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Broken_bike --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Broken_bike"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Risks"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Broken_tablet --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Broken_tablet"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Broken_tablet"/> 
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            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Broken_bike"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#By_call --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_call"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Complaints"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#By_mail --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_mail"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Complaints"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#By_monitor --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_monitor"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Complaints"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#By_web --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_web"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Complaints"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Change_station --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Change_station"> 
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        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#No_available_bike"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Change_station"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
        <rdfs:comment>Only if user doesn&apos;t find an available bike in the first station</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Citizen --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Citizen"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Users"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Commuters --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Commuters"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Users"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Complaints --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Complaints"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
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                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_complaints"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_monitor"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_complaints"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_mail"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_complaints"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#In_office"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_complaints"/> 
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                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#By_web"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_complaints"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#By_call"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Condition_parts --
> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Condition_parts"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_condition"/> 
                <owl:allValuesFrom> 
                    <owl:Class> 
                        <owl:unionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#good_condition"/> 
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                        </owl:unionOf> 
                    </owl:Class> 
                </owl:allValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Credit_card --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Credit_card"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Payment_methodology"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Day_peaks --> 
   <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Day_peaks"> 
        <rdfs:comment>Morning and Evening</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Decision"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
        <rdfs:comment>User decide to rent a bike for his trip.</rdfs:comment> 
    </owl:Class> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Docking_point --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Docking_point"/> 
  <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Docking_station --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Docking_station"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Duration_trip --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_trip"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_duration"/> 
                <owl:allValuesFrom> 
                    <owl:Class> 
                        <owl:unionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#0-5min"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#1,5h-3h"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#20-1,5h"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#3h-5h"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#5-20min"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#5h-more"/> 
                        </owl:unionOf> 
                    </owl:Class> 
                </owl:allValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Find_a_bike --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Find_a_bike"> 
        <owl:equivalentClass> 
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            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
        <rdfs:comment>Not always</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Flat_tires --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Flat_tires"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Flat_tires"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Broken_bike"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#GPS --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#GPS"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Handlebar --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Handlebar"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#In_office --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#In_office"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Complaints"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Knowledge --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Knowledge"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Low_battery --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Low_battery"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Low_battery"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Broken_bike"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#MTTR --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#MTTR"/> 
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   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Money --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Money"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Monitor --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Monitor"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Parts --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Parts"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Payment --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Payment"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_money"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Payment"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Payment_methodology --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Payment_methodology"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Pedals --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Pedals"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Price --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Price"> 
        <rdfs:comment>per hour 
</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Process --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Process"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Rain --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Rain"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Wheater"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_at_home --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_at_home"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Decision"/> 
            </owl:Restriction> 
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        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Registration_in_the_system"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_docking_station --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_docking_station"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Find_a_bike"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Registration_in_the_system"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_the_system --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_the_system"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Reservation --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Reservation"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Decision"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
        <rdfs:comment>It is no necessary.</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Return_the_bike --
> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Return_the_bike"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
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                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Find_a_bike"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_the_system"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Take_a_bike"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Use"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Risks --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Risks"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_risks"/> 
                <owl:someValuesFrom> 
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                    <owl:Class> 
                        <owl:unionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Accident"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Broken_bike"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Theft"/> 
                        </owl:unionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Route --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Route"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Seasons --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Seasons"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Seat --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Seat"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Spring --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Spring"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Seasons"/> 
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    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Summer --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Summer"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Seasons"/> 
   </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Sun --> 
   <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Sun"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Wheater"/> 
    </owl:Class> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Take_a_bike --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Take_a_bike"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Find_a_bike"/> 
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                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_the_system"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Theft --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Theft"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Risks"/> 
    </owl:Class> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Time --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Time"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Time_of_use --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Time_of_use"> 
        <rdfs:comment>Time is calculated in minutes</rdfs:comment> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Tire --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Tire"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Tourists --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Tourists"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Users"/> 
    </owl:Class> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Traffic --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Traffic"/> 
  <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Trip_modality --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Trip_modality"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_modality"/> 
                <owl:allValuesFrom> 
                    <owl:Class> 
                        <owl:unionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#oneway_trip"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#round_trip"/> 
                        </owl:unionOf> 
                    </owl:Class> 
                </owl:allValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Urban_hillness --> 
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    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Urban_hillness"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Use --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Use"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#has_actions"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Arrive"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Decision"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Find_a_bike"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Registration_in_the_system"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Take_a_bike"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Process"/> 
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    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Users --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Users"> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_possibility"/> 
                <owl:someValuesFrom> 
                    <owl:Class> 
                        <owl:intersectionOf rdf:parseType="Collection"> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Knowledge"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Money"/> 
                            <rdf:Description 
rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Time"/> 
                        </owl:intersectionOf> 
                    </owl:Class> 
                </owl:someValuesFrom> 
            </owl:Restriction> 
        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_risks"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Users"/> 
            </owl:Restriction> 
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        </owl:equivalentClass> 
        <owl:equivalentClass> 
            <owl:Restriction> 
                <owl:onProperty 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Has_possibility"/> 
                <owl:someValuesFrom 
rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Credit_card"/> 
            </owl:Restriction> 
        </owl:equivalentClass> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Wheater --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Wheater"/> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Wind --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Wind"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Wheater"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Winter --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Winter"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Seasons"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#bad_condition --> 
  <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bad_condition"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Condition_parts"/> 
    </owl:Class> 
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    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#good_condition --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#good_condition"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Condition_parts"/> 
    </owl:Class> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#oneway_trip --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#oneway_trip"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Trip_modality"/> 
    </owl:Class> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#round_trip --> 
    <owl:Class rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#round_trip"> 
        <rdfs:subClassOf rdf:resource="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Trip_modality"/> 
    </owl:Class> 
    <!--  
    /////////////////////////////////////////////////////////////////////////////////////// 
    // 
    // Individuals 
    // 
    /////////////////////////////////////////////////////////////////////////////////////// 
     --> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Bicycles --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Bicycles"> 
        <Number_of_bykes>200 
</Number_of_bykes> 
    </owl:NamedIndividual> 
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    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Commuters --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Commuters"> 
        <percentage>44,5%</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station100 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station100"> 
        <percentage>43</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station13 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station13"> 
        <percentage>12</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station14"> 
        <percentage>17</percentage> 
   </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station27"> 
        <percentage>12</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station32 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station32"> 
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        <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Departure_station39 --> 
  <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Departure_station39"> 
        <percentage>10</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Docking_point --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Docking_point"> 
        <Number_of_docking_point>400</Number_of_docking_point> 
    </owl:NamedIndividual> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Docking_station --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Docking_station"> 
        <Number_of_docking_station>20</Number_of_docking_station> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_0-40sec --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_0-40sec"> 
        <percentage>11</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_1,5h-3h --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_1,5h-3h"> 
        <percentage>16</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_20min-1,5h --> 
 122 
 
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_20min-1,5h"> 
        <percentage>32</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_3h-5h --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_3h-5h"> 
        <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_40sec-5min --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_40sec-5min"> 
        <percentage>16</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_5h-more --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_5h-more"> 
        <percentage>3</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#Duration_between_5min-20min --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Duration_between_5min-20min"> 
        <percentage>16</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#MTTRduration --> 
  <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#MTTRduration"> 
        <percentage>6% about two weeks</percentage> 
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        <percentage>49% about few days</percentage> 
        <percentage>9% more than two weeks</percentage> 
        <percentage>31% about one week</percentage> 
        <percentage>5% unknown</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_100 --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_100"> 
        <Has_bikes>86</Has_bikes> 
        <comprending>All the other stations</comprending> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_13 --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_13"> 
        <hasName>København H</hasName> 
        <Has_bikes>24</Has_bikes> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_14"> 
        <Has_bikes>34</Has_bikes> 
        <hasName>Forum Metrostation</hasName> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_27"> 
        <Has_bikes>24</Has_bikes> 
        <hasName>Københavns Rådhusplads</hasName> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_32 --> 
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    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_32"> 
        <Has_bikes>12</Has_bikes> 
        <hasName>Vesterport Station</hasName> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Station_39 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Station_39"> 
        <Has_bikes>20</Has_bikes> 
        <hasName>Østerport Station</hasName> 
    </owl:NamedIndividual> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#Tourists --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#Tourists"> 
        <percentage>44</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station100 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station100"> 
        <percentage>71</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station13 --> 
 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station13"> 
        <percentage>6</percentage> 
   </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station14"> 
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        <percentage>7</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station27"> 
        <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station32 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station32"> 
        <percentage>4</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station100_to_station39 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station100_to_station39"> 
        <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to.station13 --> 
 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to.station13"> 
        <percentage>47</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to.station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to.station14"> 
        <percentage>8</percentage> 
    </owl:NamedIndividual> 
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    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to.station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to.station27"> 
        <percentage>10</percentage> 
    </owl:NamedIndividual> 
  <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to.station32 --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to.station32"> 
        <percentage>2</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to.station39 --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to.station39"> 
       <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station13_to_station100 --> 
 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station13_to_station100"> 
        <percentage>27</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to.station13 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to.station13"> 
        <percentage>5</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to.station14 --> 
 127 
 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to.station14"> 
        <percentage>51</percentage> 
    </owl:NamedIndividual> 
  <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to.station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to.station27"> 
        <percentage>9</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to.station32 --> 
   <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to.station32"> 
        <percentage>4</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to.station39 --> 
 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to.station39"> 
        <percentage>6</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station14_to_station100 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station14_to_station100"> 
        <percentage>25</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to.station13 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to.station13"> 
        <percentage>8</percentage> 
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    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to.station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to.station14"> 
        <percentage>12</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to.station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to.station27"> 
        <percentage>41</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to.station32 --> 
 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to.station32"> 
        <percentage>4</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to.station39 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to.station39"> 
        <percentage>7</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station27_to_station100 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station27_to_station100"> 
        <percentage>28</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to.station13 --> 
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    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to.station13"> 
        <percentage>5</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to.station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to.station14"> 
        <percentage>9</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to.station27 --> 
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to.station27"> 
        <percentage>8</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to.station32 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to.station32"> 
        <percentage>43</percentage> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to.station39 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to.station39"> 
        <percentage>6</percentage> 
    </owl:NamedIndividual> 
   <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station32_to_station100 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station32_to_station100"> 
        <percentage>29</percentage> 
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    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to.station13 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to.station13"> 
        <percentage>5</percentage> 
    </owl:NamedIndividual> 
       <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to.station14 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to.station14"> 
        <percentage>10</percentage> 
    </owl:NamedIndividual> 
       <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to.station27 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to.station27"> 
        <percentage>9</percentage> 
    </owl:NamedIndividual> 
       <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to.station32 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to.station32"> 
        <percentage>4</percentage> 
    </owl:NamedIndividual> 
       <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to.station39 --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to.station39"> 
        <percentage>46</percentage> 
    </owl:NamedIndividual> 
       <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#bike_from.station39_to_station100 --> 
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    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#bike_from.station39_to_station100"> 
        <percentage>26</percentage> 
    </owl:NamedIndividual> 
      <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#commuter_travel_duration --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#commuter_travel_duration"> 
        <has_duration>between 0 and 30 minutes</has_duration> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-
74#tourists_travel_duration --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#tourists_travel_duration"> 
        <has_duration>between 1h and 5h</has_duration> 
    </owl:NamedIndividual> 
    <!-- http://www.semanticweb.org/irma/ontologies/2014/10/untitled-ontology-74#trip_modality --> 
    <owl:NamedIndividual rdf:about="http://www.semanticweb.org/irma/ontologies/2014/10/untitled-
ontology-74#trip_modality"> 
        <percentage>56% one way trips</percentage> 
        <percentage>44% round-trips</percentage> 
    </owl:NamedIndividual> 
</rdf:RDF> 
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